The water sorption and the solubility of the studied glass ionomer cements were not influenced by the various storage solutions.
INTRODUCTION
Atraumatic Restorative Treatment (ART), a technique developed in Tanzania in the mid 1980's, as part of an oral care program, is of great importance, as it is a low-cost easy treatment option to assist the low-income population 1 . Glass ionomer cements (GICs) are considered the most appropriate restorative material for ART due to their biological, physical and chemical properties. 1 GICs feature recharging and fluoride release properties, adhesion to tooth tissue, coefficient of thermal expansion and biocompatibility [2] [3] [4] . High viscosity GICs were specially developed to be used with this technique. These cements were manufactured by removing calcium ions excess from glass particles, reducing the particles size and increasing the powder to liquid ratio 5 . Such materials present a longer settling time and better physic-mechanical properties when compared to previous cements 1, 6 , resulting in higher survival rate of the restorations 7 .
The clinical success of the ARTs for restorations depends on the shelf-life of the restorative material. One of the most important properties that determines the lifetime of restorative materials is resistance to dissolution or disintegration. The water sorption properties and the solubility of the cement change the mechanical characteristics of the material by directly interfering in the half-life of the restorations 8 . Water sorption changes the mechanical properties through two effects: lamination and degradation.
The solubilization of the restorative material causes loss of material mass, adversely affecting its mechanical properties, as well as causing tooth/restoration interface failure, increasing the risk of marginal microleakage and leading to restoration failure [9] [10] . The oral cavity is a complex environment that may influence the properties of the restorative materials. In vitro studies use artificial water or saliva as a storage solution, trying to simulate the condition of the oral cavity. Therefore, it is necessary to understand the influence of the storage solution in the GIC properties along the time, to better understand the behavior of the restorative material in the oral cavity to predict its performance. Thus, this research study aims at evaluating the water sorption and the solubility of glass ionomer cements indicated for ART considering the time and the pH of the storage solution.
The null hypotheses for this study were the following ones: 1) The water sorption and the solubility of the glass ionomer cements would not be influenced by the immersion in various solutions (deionized water, acid saliva and neutral saliva); 2) There would be no difference considering the water sorption and the solubility for the glass ionomer cements after the immersion in various solutions (deionized water, acid saliva and neutral saliva); 3) There would be no difference among the various solutions (deionized water, acid saliva and neutral saliva), considering the water sorption and the solubility values of the glass ionomer cements. 
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METHODS
The materials used in this study, along with their composition and manufacturers, are shown in the Chart 1.
To prepare the specimens, the materials were handled following the manufacturers' recommendations, with temperature at 26 ± 1° C. Before handling the materials, they were weighed on an analytical balance Water Sorption and Solubility of Glass Ionomer Cements Note: Mean values followed by the same lowercase letter, in the columns, and the same capital letter, in the rows, do not present statistically significant differences by the Tukey test at 5% probability. to standardize the powder/liquid proportion. Soon after, the cements were placed in a circular mold: 10.0mm diameter and 3.0mm thickness Teflon. Resin-modified glass ionomer cements were light-cured using a Flash Lite 1401 light-curing unit, with light intensity at 400 mW/ cm 2 for 40 seconds. Seventy-five specimens were prepared and distributed in 5 groups, according to the material applied. Thus, 15 specimens were prepared and subdivided according to the storage solution: deionized water, acid artificial saliva and neutral artificial saliva (n = 5).
All specimens were weighed on a precision analytical balance (AG 200 GEHAKA) and the weight recorded. Subsequently, they were placed in a heater at 37°C, 100% humidity, aiming at reaching a constant mass (m1), with a maximum weight variation of ± 0.0005g. Then, the specimens were immersed in the storage solution and weighed 24 hours, 7, 14 and 21 days after immersion (m2).
During the experiment, the specimens were stored in polystyrene plastic recipients. Each recipient received 5ml of the storage solution, which was changed, daily, in the same time. The plastic recipients, containing the specimens immersed in the storage solution, were kept in a heater at 37°C, during the entire period of the experiment.
After the storage period (21 days), the specimens were removed from the recipients, weighed on an analytical balance and maintained in a desiccator, containing dehydrated silica gel to reach a constant weight (m3). Diameters were measure in four points and a caliper rule was used to measure thickness. The data collected was used to calculate the volume (mm 3 ).
The water sorption was determined by the equation m2 -m3 / Volume. And for solubility, the equation m1 -m3 /V was applied.
The water sorption and the solubility values expressed in μg/mm 3 , in deionized water, acidic and neutral saliva were, respectively, submitted to the analysis of variance (ANOVA) and the Tukey's test using the statistical software SPSS, version 10.0, and significance level at 5%.
RESULTS
The results achieved in this research study showed that the Maxxion R glass ionomer cement (FGM) presented statistically higher water sorption values when compared to other cements in all the studied conditions, except for neutral saliva in the 24-hour period, in which the Maxxion R did not statistically differ from the Vitro Molar. On the other hand, the Ketac Molar EasyMix glass ionomer cement presented the lowest water sorption and solubility values for the great majority of the studied solutions and storage periods ( 
DISCUSSION
The chemical composition of the material plays an important role in its physicochemical properties. Considering sorption and solubility, the differences in the composition of the GICs determined the behavior of the materials which were evaluated in this research study, when stored in various solutions (neutral saliva, acid saliva and distilled water). The particle size exposed to water, the presence of pores, the conversion level, the polymerization initiation system (chemical or physical) and the chain density of the materials play an important role in this process [12] [13] . The conventional glass ionomer cement Maxxion R (FGM) showed the highest water sorption and solubility values in all the solutions, statistically differing from the evaluated materials. Thus, the first and the second null hypotheses were rejected. This occurred due to the composition of the cement that presented calcium fluoride. On the other hand, the glass ionomer cements from the Ketac Molar Easymix (conventional) and the Vitro Fill LC (resin) trademarks were less sensitive to water sorption, which can be explained by the large number of carboxylic acid groups in the liquid of such cements. Both present tartaric acid in their composition, a dicarboxylic acid with two carboxyl radicals. Therefore, a large number of crosslinking is established between the polymer chains, reducing the empty spaces and, thus, the water inflow into the material 14 . The Vitro Molar (DFL) also presents tartaric acid in its composition, however, it did not present satisfactory behavior for water sorption and solubility throughout the storage period. This is probably due to the composition of the conventional cements which presents barium silicate glass and aluminum. The glass ionomer cements prepared with these glass types exhibit lower hydrolytic stability when compared to aluminum silicate glass 14 . The water sorption rate in the polymer chain is mainly controlled by two factors: the polarity of the resin, which is given by the concentration of hydrogen bond forming niches with water; and the topography of the polymer chain, related to the cohesive energy density of the polymer network 15 . In this study, the Vitro Fill LC showed lower sorption values with statistically significant difference when compared to the Vitremer after the storage periods of 7, 14 and 21 days. The Vitro Fill LC presents aluminum strontium glass and inorganic fillers in its composition and, in the liquid, aqueous solution of polycarboxylic acid and HEMA. The Vitremer presents aluminosilicate glass powder and, in the liquid, the aqueous solution of polycarboxylic acid, with methacrylate and HEMA. Probably, the initial sorption behavior of the Vitro Fill LC, in 24 hours of immersion in water, is due to the presence of tartaric acid in its composition. However, although the water diffusion sorption mechanisms were smaller, very probable due to the earlier presence of a dense polymer matrix, the water stability did not increase. This fact can be verified by the result of increasing solubility for this material in the period evaluated, probably due to the hydrolytic degradation on its surface. The presence of strontium in the Vitro Fill LC composition may be the explanation, as strontium reacts rapidly with water 14 . Per the results achieved in this research study, there was no influence of the storage solution in the water sorption and the solubility of the studied glass ionomer cements, except for the Ketac Molar Easymix and the Vitremer, which absorbed more water when stored in deionized water. Thus, the third null hypothesis was rejected. This is probably due to some chemical changes in such materials, since both materials are from the same manufacturer (3M/ESPE). This result corroborates the findings of additional studies 16 . In theory, polymers immersed in distilled water should absorb more water than those in artificial saliva due to osmotic pressure 17 . In this research sttudy, no relationship was found considering the type of cements, conventional or resinmodified cements, when evaluating the water sorption and the solubility properties, corroborating the results of additional studies 18 . However, previous studies showed lower water sorption rate for resin-modified GICs when compared to conventional GICs [19] [20] . In the literature, the great variety of results is due to methodological and composition differences. Therefore, playing an important role in the properties of the materials, justifying the conduction of research studies to evaluate the properties of the materials available in the market, aiming at assisting the practitioners to correctly choose the materials to be used in clinical situations.
The water sorption and the solubility properties should be considered when choosing the restorative material to be used in restorations, especially when using the Atraumatic Restorative Treatment technique, as they are directly related to the lifetime of treatments.
CONCLUSION
Based on the results achieved in the experiment and within the limitations of an in vitro study, it can be concluded that: a) water sorption and solubility of the studied glass ionomer cements were not influenced by the various storage solutions; b) the highest water sorption rate, for all the materials, occurred in the first twenty-four hours after immersion, with a stabilization tendency for some materials in 7 and 14 days.
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